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(57) ABSTRACT

Provided is an air purifier capable of increased air purification
properties due to charged particles being blown out. A first
air-blower blasts air, thus drawing air in from the outside to a
first air-flow path, and an air-purification unit purifies the air
and blows out same. A second air blower blasts air, thus
drawing air in from the outside to a second air-flow path, and
the air is blown out together with charged particles generated
by a charged particle generator. A control unit controls the
amount of air blasted by the second air-blower, according to
the amount of air blasted by the first air-blower. Alternatively,
the control unit controls the angle to be adjusted by the regu-
lator, according to the amount of air blasted by the first air-
blower.

20 Claims, 16 Drawing Sheets
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FIG. 14

THE AMOUNT OF THE AIR BROWN FROM
THE FIRST AIRFLOW PATH (m3/min) 1.5 3.5 7.0
(THE SIDE PURIFICATION)

THE AMOUNT OF THE AIR BROWN FROM
THE SECOND AIRFLOW PATH (m3/min) 1.6 1.6 1.6
(THE SIDE OF CHARGED GENERATION)

THE ANGLE REGULATED

BY THE REGULATOR (deg) 14 14 14

(ANGLE OF THE AIR-DIRECTION
REGULATING PLATE)

THE DENSITY OF CHARGED
PARTICLES AT THE MIDDLE POINT P 40,859 8,065 7,098
(PIECES.”cc)
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FIG. 15
THE AMOUNT OF THE AIR BROWN FROM
THE FIRST AIRFLOW PATH (m?2/min) 1.5 35 7.0

(THE SIDE PURIFICATION)

THE AMOUNT OF THE AIR BROWN FROM
THE SECOND AIRFLOW PATH (m3/min) 1.6 1.6
(THE SIDE OF CHARGED GENERATION)
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THE DENSITY OF CHARGED
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AIR PURIFIER

This application is the national phase under 35 U.S.C. §371
of PCT International Application No. PCT/JP2012/072685
which has an international filing date of Sep. 6, 2012 and
designated the United States of America.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to an air purifier that purifies
taken-in air and blows out the air together with charged par-
ticles.

2. Description of Related Art

The air in a room contains various substances that may be
undesirable or toxic for a human body, such as dust, pollen,
cigarette smoke, exhaled breath and the like. In recent years,
particularly, dwelling facilities have highly air-tight struc-
tures, allowing toxic substances to stay inside a room. More-
over, it is not easy to naturally ventilate a room by opening
windows in areas with heavy air pollution or at homes and
offices with patients suffering from pollen allergy. Thus, an
air purifier having a function of purifying the air through a
filter that cleans the air in a room has widely been used.

An air purifier having a humidifying function has also been
commercialized for adjusting the humidity of the air to be
more comfortable while purifying the air. In such an air
purifier, the air cleaned by passing through a filter unit is
humidified by passing through a humidification filter.

Furthermore, an air purifier provided with a charged par-
ticle generator generating positively-charged particles of H*
(H,0),, (n is a natural number) and negatively-charged par-
ticles of O,~ (H?0),, (m is a natural number) has also been
commercialized, which blows out charged particles together
with the taken-in air to inactivate fungi, germs and the like
floating in the air.

A conventional technique proposes air purifier provided
with two airflow paths that respectively take in the air from
different inlets and blow out from different outlets directed
upward. In the conventional air purifier, a humidification filter
is disposed in one of the airflow paths for humidifying the air
and blowing it out, while a charged particle generator is
disposed in the other one of the airflow paths to blow out the
air including the charged particles. Each of the two airflow
paths is provided with an air blower, which is so configured
that the air volume of the air therefrom can be controlled
independently. This allows the air purifier to independently
perform the control for humidifying the air and the control for
puritying the air.

A conventional technique proposes air purifier in which air
is taken in from one inlet to an airflow path by blowing the air
with one air blower, the taken-in air passes through a cleaning
filter, and thereafter the air including charged particles gen-
erated by a charged particle generator is blown out from
different outlets. The outlets of the airflow paths in the air
purifier are comprised of a top outlet directed upward and a
bottom outlet directed forward but slightly tilted upward. The
air purifier is able to effectively eliminate germs by blowing
out the air including charged particles in the upward and
forward directions.

SUMMARY OF THE INVENTION

In the conventional air purifier, however, the outlet for
humidifying the air and the outlet for purifying the air are both
directed upward, causing two streams of air to mutually affect
each other. That is, two outlets are placed side by side in the
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same upward direction, generating two streams of air respec-
tively on one side and the other side of the boundary between
the two outlets. This may result in the case where a large
number of charged particles are included in the airstream on
one side while only a small number of charged particles are
included in the airstream on the other side. When, for
example, the air purifier is placed in a room, the density of
charged particles is increased in the right half of the room but
decreased in the left half of the room depending on the posi-
tion of the air purifier, hindering uniform air purification for
inactivating fungi and germs.

Moreover, in the conventional air purifier, the air taken in
by blowing the air with one air blower passes through the
cleaning filter and thereafter charged particles are included in
the air. The cleaning filter is a large load to the air blowing
performed by the air blower. When the flowing speed of the
air is made faster in order to increase the density of charged
particles, the rotation speed of the air blower is increased,
generating a louder noise.

The present invention has been contrived in view of the
above circumstances. A main object of the invention is to
provide an air purifier that can enhance the performance of air
purification with blown-out charged particles.

According to the present invention, the air is blown out
with charged particles from the second airflow path in a
direction different from the direction in which the air is blown
out from the first airflow path after being cleaned by the air
cleaning unit, and the amount and angle of the air blown by
the second air blower is controlled in accordance with the
amount of the air blown by the first air blower, thereby
enhancing the air purifying performance with blown-out
charged particles.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1is a perspective view illustrating the front side of an
air purifier according to an embodiment of the present inven-
tion;

FIG. 2 is a perspective view illustrating the back side of the
air purifier shown in FIG. 1;

FIG. 3 is a side sectional view of the air purifier shown in
FIG. 1,

FIG. 4 is a block diagram illustrating a schematic configu-
ration of a control system of the air purifier according to
Embodiment 1;

FIG. 5 is a schematic view illustrating a state where an air
purifier is installed inside a room;

FIG. 6 is atable illustrating the density of charged particles
atamiddle point P obtained when the amount of the air blown
by the first air blower is changed;

FIG. 7 is atable illustrating the density of charged particles
at the middle point P obtained when the amount of the air
blown by each of the first and second air blowers is changed;

FIG. 8 is a table illustrating an example of setting for the
amount of the air blown by each of the first and second air
blowers;

FIG. 9 is a table illustrating an association between the
result of pollution detection and the air volume set as “auto-
matic” for an air volume mode;

FIG. 101s a flowchart illustrating a processing procedure of
operation control of an air purifier;

FIG. 11 is a table illustrating an association between the
result of humidity detection and the air volume set as “auto-
matic” for an air volume mode;

FIG. 12 is a table illustrating an example of a set value for
the amount of the air blown in a manual mode;
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FIG. 13 is a block diagram illustrating a schematic con-
figuration of a control system of an air purifier according to
Embodiment 2;

FIG. 14 is a table illustrating the density of charged par-
ticles at the middle point P obtained when the amount of the
air blown from the first airflow path is changed;

FIG. 15 is a table illustrating the density of charged par-
ticles at the middle point P obtained when the amount of the
air blown in the first airflow path and the angle adjusted by a
regulator are changed; and

FIG. 16 is a table illustrating an example of setting for the
amount of the air blown by the first air blower and the angle
regulated.

DETAILED DESCRIPTION

Embodiments for an air purifier according to the present
invention will be described below with reference to the draw-
ings.

Embodiment 1

FIG. 1 is a perspective view illustrating the front side of an
air purifier 1 according to Embodiment 1, FIG. 2 is a perspec-
tive view illustrating the back side of the air purifier 1 shown
in FIG. 1, and FIG. 3 is a side sectional view of'the air purifier
1 shown in FIG. 1. In FIG. 3, the left side on the figure sheet
corresponds to the front side (front) of the air purifier 1, the
right side on the figure sheet corresponds to the back side
(rear) of the air purifier 1, and the vertical direction on the
figure sheet corresponds to the left-right direction of the air
purifier 1.

The air purifier 1 according to Embodiment 1 has an air
puritying function by deodorization and dust collection, an
air purifying function with positively-charged particles and
negatively-charged particles (hereinafter referred to as posi-
tive/negative charged particles), and an air humidifying func-
tion. As shown in FIGS. 1 to 3, the air purifier 1 is provided
with a housing 6 having a shape of a vertical rectangular
parallelpiped. As shown in FIG. 3, the air purifier 1 is, in a
room with a wall W and a floor F, installed on a floor F with
the back side of the housing 6 facing the wall W. The air
purifier 1 according to the present embodiment includes a first
airflow path 3, a second airflow path 4 and a control chamber
60 that are partitioned from one another in the housing 6, and
is provided with an operation panel 2 on a top cover 62 of the
housing 6.

First, the first airflow path 3 will be described. In the first
airflow path 3, an air cleaning unit 11, a humidification filter
unit 5, a first air blower 13, a pollution detection unit 15, a
temperature/humidity sensor 16 and the like are disposed.
The first airflow path 3 is divided into a filter accommodation
unit 3a on the rear (back) side and a blow-out air path 35 on
the front side by a partition wall 31. An inlet 33 opens to a rear
cover 63 of the housing 6, so that the filter accommodation
unit 3¢ communicates with the outside through the inlet 33.
The blow-out air path 35 also communicates with the outside
through an outlet 34 opened at the top cover 62 of the housing
6. Moreover, the filter accommodation unit 3a and the blow-
out air path 35 communicate with each other through an
opening 31a provided at a lower part of the partition wall 31.
A rear panel 32 is detachably attached to an air cleaning
chamber 35 of a rectangular shape on the rear side, which is
included in the filter accommodation unit 3a, and is provided
with multiple vent holes 300, 300, . . . . Thus, the air flowing
through the inlet 33 means, to be specific, the air flowing
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through the vent holes 300, 300, . . . . The air cleaning unit 11
is accommodated in the air cleaning chamber 35.

The air cleaning unit 11 is provided with a deodorization
filter 111 and a dust collection filter 112 each having a rect-
angular shape. The deodorization filter 111 has a structure in
which, for example, activated charcoal is dispersed and held
in a nonwoven fabric, which serves to absorb and remove
odor components in the flowing air. The dust collection filter
112 is, for example, a known HEPA (High Efficiency Particu-
late Air) filter, which serves to capture and remove micro-
scopic grit and dust included in the flowing air. Thus, the air
that passed through the air cleaning unit 11 is cleaned by
absorbing and removing odor components while capturing
and removing grit and dust. The air cleaned by the air cleaning
unit 11 is humidified by the humidification filter unit 5.

The humidification filter unit 5 is provided with a humidi-
fication filter 50, a water receiving dish 51, a driving gear 52
and an electric motor 53, and is placed at the downstream side
of'the air cleaning unit 11 and the upstream side of the open-
ing 31a. The humidification filter 50 is a sheet of material
which has highly hydroscopic property and air permeability,
such as a nonwoven fabric, the sheet being accordion-folded
s0 as to increase the contact area with the flowing air and
received by a holding frame 54 having a shape of a hollow
circular disc. The water receiving dish 51 reserves the water
of a substantially constant water level using a known water
regulating valve, and supports the humidification filter 50 and
holding frame 54 with two roller members (not shown) placed
therein.

A driven gear 55 is attached along the outer circumference
of the holding frame 54 and is engaged with the driving gear
52 disposed above the humidification filter 50. When the
driving gear 52 is rotated by the electric motor 53 disposed
above the humidification filter 50, a driving force is transmit-
ted to the driven gear 55 to rotate the humidification filter 50
and the holding frame 54. The humidification filter 50 absorbs
water by rotating and sequentially moving the portions
thereof soaked in the water receiving dish 51 in the circum-
ferential direction, obtaining a state where the entire humidi-
fication filter 50 is hydrated. As a result, the air passing
through the humidification filter 50 is humidified. When, on
the other hand, the humidification filter 50 is not rotating, the
air passing through the humidification filter 50 hardly absorbs
moisture.

The first air blower 13 is provided with a fan motor 131 and
a fan 132, the fan motor 131 rotary driving the fan 132. The
fan 132 corresponds to a multi-blade wheel with multiple
blades having the rotating center with respect to the outer
edge being displaced in the rotating direction, i.e. a sirocco
fan of a cylindrical shape. The fan motor 131 is fixed to the
outer part of the wall of the blow-out air path 35. The fan 132
is fixed to the output shaft of the fan motor 131 and is disposed
to be opposite from the opening 31a at the lower part of the
partition wall 31. When the fan 132 rotates, the outside air
enters the inside of the filter accommodation unit 3a through
the inlet 33, as shown by a white arrow in FIG. 3, and flows
inside the filter accommodation unit 3a toward the front side
to be suctioned by the fan 132 through the opening 31a at the
lower part of the partition wall 31. The air suctioned by the fan
132 changes its direction to upward and flows into the blow-
out air path 3, and is sent to the outside through the outlet 34
at the end of the blow-out air path 34.

Furthermore, in the blow-out air path 35, airflow path wall
surfaces 364 and 3654 that guide the air from the fan 132 to the
outlet 34 are so disposed as to be inclined from the front lower
side to the rear upper side, while air direction regulating plates
37, 37, . . . located at the outlet 34 are also disposed to be
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inclined from the front lower side to the rear upper side. This
allows the first airflow path 3 to blow out the air from the
outlet 34 diagonally in the rear upper direction. It is noted that
the air blown out diagonally in the rear upper direction rises
along the wall W, flows along the ceiling away from the wall
W, falls near a wall on the opposite side of the room, and flows
along the floor F in the direction of the wall W, thereby
circulating inside the room.

The pollution detection unit 15 is provided with an odor
sensor 15a and a dust sensor 1556. As shown in F1G. 2, the odor
sensor 15a and dust sensor 155 are located in the housing 6 at
the upper part of a side wall of the air cleaning chamber 35,
i.e. on the outer side of the air cleaning chamber 35. The upper
part of the side wall of the air cleaning chamber 35 at which
the odor sensor 15a and dust sensor 155 are attached com-
municates with the filter accommodation unit 3a. Moreover,
apenetration hole 35a is formed near a position where the rear
panel 32 is attached, at the upper part of the side wall in the air
cleaning chamber 35. A part of the air taken in from the inlet
33 is suctioned from the penetration hole 35a without the
intermediary of the air cleaning unit 11, passes through the
pollution detection unit 15 and flows to the filter accommo-
dation unit 3a.

The odor sensor 15a corresponds to a known gas sensor or
the like, which senses the density of gas causing odor, to
detect the level of odor in the outside air to be taken in from
the penetration hole 35a. The gas sensor senses the density of
gas using the fact that the resistance value of a gas-sensitive
element heated to, for example, several hundred degrees is
changed depending on the density of gas. The odor level is
low if the sensed gas has a small density, whereas the odor
level is high if the sensed gas has a large density.

The dust sensor 155 corresponds to, for example, an optical
particle sensor. The optical particle sensor radiates infrared
ray from a light-emitting diode into a through hole formed at
the sensor, and senses the light reflected by the particles
floating in the through hole with a phototransistor so as to
detect the amount of dust, which also enables detection of
microscopic particles such as cigarette smoke. With the opti-
cal particle sensor, the amount of dust, whether it is large or
small, is detected in accordance with the level of voltage,
whether it is high or low, output by the phototransistor.

The temperature/humidity sensor 16 is placed in the hous-
ing 6 at the upper part of the side wall of the air cleaning
chamber 35 as in the pollution detection unit 15. The tem-
perature/humidity sensor 16 detects the temperature as well
as humidity of the outside air to be taken in from the penetra-
tion hole 354, and measures the relative humidity.

The second airflow path 4 will now be described. In the
second airflow path 4, an air filter 40, a second air blower 14,
a charged particle generator 12, a charged particle sensor 17,
a regulator 43 and the like are disposed. The second airflow
path 4 is divided into a lower inlet chamber 4a and an upper
outlet chamber 45 by the second air blower 14. The front part
61 of'the housing 6 has a front panel 611 and a front cover 612,
the front cover 612 being provided with an inlet 41. The front
panel 611 covers the upper side as well as both the left and
right sides of the inlet 41 from the front side. The inlet cham-
ber 4a communicates with the outside through the inlet 41.
The outlet 42 opens at the boundary area of the top cover 62
and the front panel 611 of the housing 6, while the outlet
chamber 4b communicates with the outside through the outlet
42. The inlet chamber 4a and the outlet chamber 45 commu-
nicate with each other with the intermediary of the second air
blower 14.
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The air filter 40 is, for example, a coarse grid-shaped net,
which is detachably placed at the inlet 41. The air filter 40
captures and removes rough dust included in the air flowing
into the inlet chamber 4a.

The second air blower 14 includes a fan motor 141 (see
FIG. 4) and a fan 142, the fan motor 141 rotary-driving the fan
142 around the axis in the left-right direction. The fan 142
corresponds to a cross flow fan having a cylindrical multi-
blade wheel having multiple blades with its outer edge dis-
placed in the rotating direction with respect to the center of
rotation. The fan 142 is so arranged that the direction of the
center of rotation corresponds to the left-right direction of the
air purifier 1. The fan motor 141 is fixed inside the housing 6
by a support (not shown). The fan 142 is fixed to the output
shaft ofthe fan motor 141 and rotates by driving the fan motor
141. Rotation of the fan 142 allows the air in the room (more
specifically, the air at the lower front side of the housing 6) to
be taken into the second airflow path 4 through the inlet 41 as
shown in the solid arrow in FIG. 3. The taken-in air flows from
the inlet chamber 4a to the outlet chamber 45 and is blown out
into the room through the outlet 42. The charged particle
generator 12 and the charged particle sensor 17 are disposed
at the upper and lower sides, respectively, on the wall surface
of the outlet chamber 45.

The charged particle generator 12 is fixed on the outlet
chamber 45, and has a needle-like discharge electrode and an
induction electrode located opposite from the discharge elec-
trode, the discharge electrode applied with high voltage caus-
ing corona discharge to generate positive/negative charged
particles. The discharge electrode of the charged particle gen-
erator 12 is exposed to the outlet chamber 45, and thus the
generated positive/negative charged particles floats in the air
passing through the outlet chamber 45 and are sent out to the
outside with the air from the outlet 42. The positive/negative
charged particles discharged into the room with the air blown
out through the outlet 42 annihilate or inactivate fungi,
viruses, allergens and the like and decompose substances
causing bad odor, e.g., an organic compound such as acetal-
dehyde.

The charged particle sensor 17 detects positive/negative
charged particles passing through the outlet chamber 45 and
repeatedly outputs the result of detection to the control unit 10
(see FIG. 4) at appropriate time intervals. The result of detec-
tion indicates the amount, large or small, of positive/negative
charged particles passing through the outlet chamber 45, and
further indicates the amount, large or small, of positive/nega-
tive charged particles generated by the charged particle gen-
erator 12. If the amount of the positive/negative charged par-
ticles generated by the charged particle generator 12 is
smaller than a predetermined amount, it can be found that the
charged particle generator 12 is worn or deteriorated.

The regulator 43 includes the air-direction regulating plate
432 around the shaft in the left-right direction to be able to
rotary-drive. The air-direction regulating plate 432 is a plate
member having a front edge forming a circular arc contouring
the shape of the front panel 611 and a rear edge being linear,
has its rotation shaft along the rear edge, and is located at the
outlet 42 with the axis direction of the rotation shaft corre-
sponding to the left-right direction of the air purifier 1. Note
that the rotary drive control of the air direction regulating
plate 432 is not performed in Embodiment 1.

The air flows diagonally upward in the inlet chamber 4a
from the front lower side to the rear upper side, while the air
flows diagonally in the outlet chamber 45 toward the front
upper side. Moreover, the air regulating plate 432 is disposed
atthe outlet 42 so as to regulate the direction of the flowing air.
The second airflow path 4 lets the air diagonally blows out
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upward to the front side so as to facilitate the blown-out air
reaching the central part of the room.

The direction of the air blown out from the second airflow
path 4 is different from the direction of the air blown out from
the first airflow path 3. In other words, the air is blown out
diagonally toward the rear upper direction from the first air-
flow path 3, whereas the air is blown out diagonally toward
the front upper direction from the second airflow path 4. The
air is blown out diagonally upward and in the opposite direc-
tions in plan view from the first airflow path 3 and the second
airflow path 4, respectively.

FIG. 4 is a block diagram illustrating a schematic configu-
ration of a control system of the air purifier 1. The control
system of the air purifier 1 is configured with, for example, an
operation panel 2 operated by the user, a control unit 10
receiving an operation signal from the operation panel 2 and
controlling operation of the first air blower 13, the second air
blower 14 and the like, and a sensor such as the pollution
detection unit 15 described above which inputs various kinds
of physical amount to the control unit 10.

The control unit 10 includes a ROM storing information
such as a program, a CPU executing input/output control and
arithmetic operation according to a control program stored in
the ROM in advance, a RAM storing temporarily-generated
information, a non-volatile writable/readable memory 10a
and an input/output interface inputting/outputting to/from an
external circuit. Through the input/output interface, the pol-
Iution detection unit 15, temperature/humidity sensor 16 and
charged particle sensor 17 are connected with one another,
and the control unit 10 takes in detection values from these
sensors.

Furthermore, the control unit 10 is connected to a stop
button 21, an air purification ON button 22, a humidification/
air purification ON button 23 and an air volume switching
button 24 that are arranged on the operation panel 2 located on
the top cover 62 of the housing 6. The operation to the opera-
tion panel 2 is accepted by the control unit 10. More specifi-
cally, by operating the stop button 21, stopping of the air
purifier 1 being operated is accepted by the control unit 10.
Moreover, by operating the air purification ON button 22, the
air purification operation mode in which air purification is
performed without humidification is selected. By operating
the humidification/air purification ON button 23, the humidi-
fication/air purification mode in which air purification is per-
formed while humidifying the air is selected. Those selec-
tions are accepted by the control unit 10.

In addition, each time the air volume switching button 24 is
operated, the air volume mode is switched between four air
volume modes including “quiet,” “medium” and “high” for
which the air volume is set manually and “automatic” for
which the air volume is set automatically. Such switching is
accepted by the control unit 10 in the order described above,
for example. The operation panel 2 includes display lights 20,
20, . . ., which correspond to a light for indicating the air
purification operation mode, a light for indicating humidifi-
cation and air purification operation mode, and lights for
indicating air volume modes of “quiet”, “medium”, “high”
and “automatic”.

Moreover, the control unit 10 is connected to the fan motor
131 of the first air blower 13, the fan motor 141 of the second
air blower 14, the electric motor 53 of the humidification filter
50 and the charged particle generator 12 through a first motor
driving circuit 103, a second motor driving circuit 104, a
motor driving circuit 105 and a high voltage circuit 106,
respectively. The control unit 10 outputs an instruction signal
to each of the driving circuits and the high voltage circuit
based on an operation signal accepted by the operation panel
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2 and the detection value of each of the sensors described
above, to control the fan motor 131 of the first air blower 13,
the fan motor 141 of the second air blower 14, the electric
motor 53 of the humidification filter 50 and the charged
particle generator 12.

Next, the amount of the air blown out from each of the first
airflow path 3 and the second airflow path 4 controlled by the
control unit 10 will be described. FIG. 5 is a schematic view
illustrating a state where the air purifier 1 is installed inside a
room. As an example, the room has a size of approximately
twenty-one tatami mats, corresponding to a space of 6.92 m in
length, 4.72 m in width and 2.4 m in height. Each of the
length, width and height directions in a room is divided into
four, while a middle point P of the room is set at the position
corresponding to a position B in the length direction, a posi-
tion b in the width direction and 1.2 m in the height direction.
The air purifier 1 is installed on the floor F at the position b in
the width direction near the wall W. As described above, the
direction D1 in which the air is blown out from the first
airflow path 3 corresponds to a diagonally upper rear (toward
the wall W) direction whereas the direction D2 in which the
air is blown out from the second airflow path 4 corresponds to
a diagonally upper front direction.

The density of charged particles at the middle point P
changes depending on the amount of the air blown out from
the first airflow path 3 and the second airflow path 4. FIG. 6 is
a table illustrating the density of charged particles at the
middle point P obtained when the amount of the air blown by
the first air blower 13 is changed. In FIG. 6, on the side of the
second airflow path 4, the amount of air is fixed to 1.6 m*/min
while charged particles are generated by the charged particle
generator 12, and the angle of the air blown out from the
second airflow path 4 is set to be inclined upward by fourteen
degrees from the horizon. If the amount of the air blown from
the first airflow path 3 is set as 1.5 m*/min, the density of
charged particles at the middle point P becomes higher,
whereas if the amount of the air blown from the first airflow
path 3 is increased to be 3.5 m*>/min or 7.0 m>/min, the density
of charged particles at the middle point P is lowered. The
reason for the density of charged particles being thus lowered
at the middle point P is supposedly because the increased
amount of the air from the first airflow path 3 causes the
circulating wind generated near the wall surface, ceiling and
floor surface to be stronger due to the air blown out from the
first airflow path 3, which draws the air blown out from the
second airflow path 4, resulting in reduction in the charged
particles that reach the middle point P.

FIG. 7 is atable illustrating the density of charged particles
at the middle point P obtained when the amount of the air
blown by each of the first air blower 13 and the second air
blower 14 is changed. In FIG. 7, on the side of the second
airflow path 4, the angle of the air blown out from the second
airflow path 4 is inclined by fourteen degrees upward from the
horizon while charged particles are generated by the charged
particle generator 12. If the amount of the air blown from the
first airflow path 3 is set as 1.5 m*/min and the amount of the
air blown from the second airflow path 4 is set as 1.6 m*/min,
the density of charged particles at the middle point P becomes
higher. If the amount of the air blown from the second airflow
path 4 is increased to 1.7 m*/min and 1.8 m*/min when the
amount of the air blown from the first airflow path 3 is
increased to 2.4 m®/min and 3.5 m*/min, respectively, the
density of the charged particles at the middle point P remains
high. By thus setting the amount of the air blown from the
second airflow path 4 is set to be large or small in accordance
with the amount, i.e. large or small, of the air blown from the
first airflow path 3, the air blown out from the second airflow
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path 4 flows toward the middle point P without being affected
by the circulating wind generated by the air blown out from
the first airflow path 3, allowing the density of charged par-
ticles at the middle point P to be maintained high. Here, the
indication of large or small means that the amount of the air
blown from the second airflow path 4 is set to be large when
the amount of the air blown from the first airflow path 3 is
large, and that the amount of the air blown from the second
airflow path 4 is set to be small when the amount of the air
blown from the first airflow path 3 is small.

FIG. 8 is a table illustrating an example of setting for the
amount of the air blown by each of the first air blower 13 and
the second air blower 14. More specifically, the amount of the
air blown from the first airflow path 3 is set as 1.5 m*/min and
the amount of the air blown from the second airflow path 4 is
setas 1.6 m*/min when the air volume mode, which is manu-
ally set, is “quiet”, the amount of the air blown from the first
airflow path 3 is set as 2.4 m>/min and the amount of the air
blown from the second airflow path 4 is set as 1.7 m*/min
when the air volume mode is “medium”, the amount of the air
blown from the first airflow path 3 is setas 3.5 m*/min and the
amount of the air blown from the second airflow path 4 is set
as 1.8 m*/min when the air volume mode is “high”. The
control unit 10 outputs an instruction signal corresponding to
each of'the air volume modes “quiet”, “medium” and “high”
to the first motor driving circuit 103 and the second motor
driving circuit 104. The first motor driving circuit 103 and the
second motor driving circuit 104 respectively drive the fan
motor 131 and fan motor 141 with the rotation speed at which
the amount of air for each air volume mode can be obtained,
in response to the instruction signal.

Moreover, in the air volume mode of “automatic”, an air
volume setting 1, an air volume setting 2 and an air volume
setting 3 correspond to, respectively, the air volume modes of
“quiet”, “medium” and “high”, and any one of the air volume
settings 1 to 3 is set in accordance with the result of detection
performed by the pollution detection unit 15. Here, the con-
trol unit 10 outputs an instruction signal corresponding to any
one of the air volume settings 1 to 3 to the first motor driving
circuit 103 and the second motor driving circuit 104 in accor-
dance with the result of detection performed by the pollution
detection unit 15. The first motor driving circuit 103 and the
second motor driving circuit 104 drive the fan motors 131 and
141, respectively, in response to the instruction signal with
the rotation speed at which the amount of air for each air
volume setting can be obtained. As shown in the table of FIG.
8, the control unit 10 controls the amount, i.e. large or small,
of air blown from the second airflow path 4 in accordance
with the amount, i.e. large or small, of air blown from the first
airflow path 3.

FIG. 9 is a table illustrating an association between the
result of pollution detection and the air volume set as the air
volume mode of “automatic”. FIG. 9 shows an example
where the density of gas sensed by the odor sensor 15a is
detected as three stages of odor levels, and the amount of dust
is similarly detected by the dust sensor 155 as three stages of
dust levels. Larger numeric values of the odor level and dust
level indicate the states where larger amounts of odorous
components and dust are included in the air. Furthermore, in
the example shown in FIG. 9, the degree of air pollution due
to odor and dust is determined as a value to be added to the
numeric values for the odor level and dust level, and any one
of'the air volume settings is selected for the air volume mode
of “automatic” in accordance with the degree of pollution.
For example, when the odor level is 1 and the dust level is 3,
the degree of pollution will be 4. Thus, the air volume setting
2 in the air volume mode “automatic” is selected. It is noted

10

25

40

45

50

55

10

that the air volume setting 2 corresponds to the amount of air
in the air volume mode “medium” as shown in FIG. 8, and
more specifically corresponds to the case where the amount
of the air blown from the first airflow path 3 is set as 2.4
m>/min and the amount of the air blown from the second
airflow path 4 is set as 1.7 m*/min.

FIG. 101s a flowchart illustrating a processing procedure of
operation control for the air purifier 1. The processing below
is executed by the CPU of a microcomputer in accordance
with a control program stored in an internal ROM embedded
in the microcomputer of the control unit 10 in advance. An
example will be described below for the case where the con-
trolunit 10 controls the operation of the air purifier 1 based on
the table for setting of the amount of the blown air shown in
FIG. 8 and the association shown in FIG. 9 stored in the
memory 10a. Furthermore, an identification number of an air
volume mode at the previous operation (initial value for the
air volume mode at manufacture: “medium”, for example) is
stored in the memory 10a.

Furthermore, when the air purification ON button 22 and
the humidification/air purification ON button 23 are operated
by the user, the identification number of the operated button is
updated and saved in the RAM as the operated button infor-
mation. Accordingly, the control unit 10 is able to obtain,
from the RAM, the identification number for the air purifica-
tion ON button or the humidification/air purification ON but-
ton 23 which is most recently operated. However, as will be
described later, at step S20, the operated button information
written in the RAM is reset to be a value representing the state
where none of the air purification ON button 22 and the
humidification/air purification ON button 23 is operated.

First, a power line of the air purifier 1 is connected a
household commercial AC 100V power supply to start the
processing of operation control.

The control unit 10 determines whether or not the air puri-
fier 1 is operating in the air purification mode or the humidi-
fication/air purification mode (step S10). If it is determined
that the air purifier 1 is not operating (step S10: NO), the
operated button information saved in the RAM is read out to
determine whether or not the air purification ON button 22 is
operated (step S11). If it is determined that the air purification
ON button 22 is not operated (step S11: NO), the operated
button information saved in the RAM is read out again to
determine whether or not the humidification/air purification
ON button 23 is operated (step S12). If it is determined that
the humidification/air purification ON button 23 is not oper-
ated (step S12: NO), the control unit 10 returns to step S10.

Since the air purifier 1 is operated in accordance with the
air purification mode, the operated button information is
saved in the RAM when the user operates the air purification
ON button 22. The control unit 10 obtains the operated button
information from the RAM, determines that it is the state
where the air purification ON button 22 is operated (step S11:
YES), and reads out the identification number of the air
volume mode at previous operation stored in the memory 10a
(step S13).

After step S13, the control unit 10 performs control to
operate the air purifier 1 in the air purifying operation mode
(step S14). In the control processing at step S14, the control
unit 10 outputs an instruction signal corresponding to the
identification number for each mode to the first motor driving
circuit 103 and the second motor driving circuit 104 when the
identification number of the read-out air volume mode is any
one of the identification numbers for the air volume modes
“quiet”, “medium” and “high”. The first motor driving circuit
103 and the second motor driving circuit 104 drive the fan
motors 131 and 141, respectively, with the rotation speed at



US 9,266,118 B2

11

which the amount of air for each mode can be obtained in
response to the instruction signal. Moreover, the control unit
10 instructs the high voltage circuit 106 so that the charged
particle generator 12 generates charged particles, and
instructs the motor driving circuit 105 to stop the electric
motor 53.

Furthermore, when the identification number of the read-
out air volume mode is that of the air volume mode “auto-
matic”, the control unit 10 obtains the result of detection
performed by the pollution detection unit 15, calculates the
degree of pollution from the odor level and dust level, and
selects any one of the air volume settings 1 to 3 based on the
association illustrated in FIG. 9. The control unit 10 outputs
an instruction signal according to the selected air volume
setting to the first motor driving circuit 103 and the second
motor driving circuit 104. The first motor driving circuit 103
and the second motor driving circuit 104 drive the fan motors
131 and 141, respectively, with the rotation speed at which the
amount of air for each mode can be obtained in response to the
instruction signal. The control unit 10 further instructs the
high voltage circuit 106 so that the charged particle generator
12 generates charged particles and instructs the motor driving
circuit 105 to stop the electric motor 53.

After step S14, the processing is returned to start, i.e. step
S10. Here, description will be made for the processing per-
formed when no buttons other than the air purification ON
button 22 is performed while the state where the air purifica-
tion ON button 22 is operated is maintained. In such a case,
the control unit 10 determines that the air purifier 1 is in
operation (step S10: YES), determines that the air volume
switching button 24 is not operated (step S17: NO), deter-
mines that the stop button 21 is not operated (step S19: NO),
and returns to step S11. The control unit 10 determines, at step
S11, that the air purification ON button 22 has been operated
(step S11: YES), and performs operation control in the air
purification operation mode at steps S13 and S14.

Subsequently, when the user operates the humidification/
air purification ON button 23 in order for the air purifier 1 to
operate in the humidification/air purification mode, the oper-
ated button information is saved in the RAM. The control unit
10 obtains the operated button information from the RAM,
determines that the humidification/air purification ON button
23 has been operated (step S12: YES), and reads out the
identification number of the air volume mode stored in the
memory 10a (step S15).

After step S15, the control unit 10 performs control of
making the air purifier 1 operate in the humidification and air
purification operation mode (step S16). In the control pro-
cessing at step S16, in the case where the read-out identifica-
tion number of the air volume mode is the identification
number of any one of the air volume modes “quiet”,
“medium” and “high”, the control unit 10 outputs an instruc-
tion signal corresponding to the identification number for
each mode to the first motor driving circuit 103 and the
second motor driving circuit 104. The first motor driving
circuit 103 and the second motor driving circuit 104 drive the
fan motors 131 and 141, respectively, with the rotation speed
at which the amount of air for each mode can be obtained in
response to the instruction signal. In addition, the control unit
10 instructs the high voltage circuit 106 so that the charged
particle generator 12 generates charged particles.

Furthermore, in the case where the read-out identification
number of the air volume mode is that of the air volume mode
“automatic”, the control unit 10 obtains the result of detection
performed by the pollution detection unit 15, calculates the
degree of pollution from the odor level and dust level, and
selects any one of the air volume settings 1 to 3 based on the
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association shown in FIG. 9. The control unit 10 outputs the
instruction signal according to the selected air volume setting
to the first motor driving circuit 103 and the second motor
driving circuit 104. The first motor driving circuit 103 and the
second motor driving circuit 104 drive the fan motors 131 and
141, respectively, with the rotation speed at which the amount
of air for each mode can be obtained in response to the
instruction signal. In addition, the control unit 10 instructs the
high voltage circuit 106 so that the charged particle generator
12 generates charged particles.

Furthermore, the control unit 10 obtains the result of detec-
tion for relative humidity from the temperature/humidity sen-
sor 16 in any air volume mode, and instructs the motor driving
circuit 105 to drive the electric motor 53 when the relative
humidity is, for example, less than 60%, whereas it instructs
the motor driving circuit 105 to stop the electric motor 53
when the relative humidity is 60% or higher. Driving of the
electric motor 53 allows the humidification filter 50 to rotate
and absorb moisture, humidifying the air passing through the
humidification filter 50. On the other hand, stopping of the
electric motor 53 stops the rotation of the humidification filter
50, hardly humidifying the air passing through the humidifi-
cation filter 50.

After step S16, the processing is returned to start, i.e. step
S10. Description will now be made for the processing per-
formed when no button other than the humidification/air puri-
fication ON button 23 is operated while maintaining the state
where the humidification/air purification ON button 23 is
being operated. In such a case, the control unit 10 determines
that the air purifier 1 is in operation (step S10: YES), deter-
mines that the air volume switching button 24 is not operated
(step S17: NO), determines that the stop button 21 is not
operated (step S19: NO), determines that the air purification
ON button has not been operated (step S11: NO), and returns
to step S12. The control unit 10 determines at step S12 that the
humidification/air purification ON button 23 has been oper-
ated (step S12: YES), and performs operation control in the
humidification and air purification operation mode at steps
S15 and S16.

Next, the case where the air volume switching button 24 is
operated while the air purifier 1 is in operation is described.
The control unit 10 determines at step S10 that the air purifier
1 is in operation (step S10: YES), and determines whether or
not the air volume switching button 24 is operated (step S17).
If it is determined that the air volume switching button 24 is
operated (step S17: YES), the control unit 10 updates the
identification number of the air volume mode stored in the
memory 10a to that of the next air volume mode, and rewrites
the air volume mode (step S18).

Subsequently, the case is described where the air purifier 1
is stopped from the state of the air purifying operation or
humidification and air purification operation. After perform-
ing any of the operation control, the control unit 10 returns to
start, determines at step S10 that the air purifier 1 is in opera-
tion (step S10: YES), and determines whether or not the air
volume switching button 24 is operated (step S17). Indepen-
dent of the result of determination at step S17, the control unit
10 determines at step S19 whether or not the stop button 21 is
operated. When it is determined that the stop button 21 is
operated (step S19: YES), the control unit 10 resets the oper-
ated button information saved in the RAM to a value repre-
senting the state where the air purification ON button 22 and
the humidification/air purification ON button 23 are not oper-
ated (step S20).

As described above, the air is cleaned by the air cleaning
unit 11 and blown out from the first airflow path 3, while the
air is blown out with charged particles from the second air-
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flow path 4 in a direction different from the direction in which
the air is blown out from the first airflow path 3, and the
amount of the air blown by the second air blower 14 is
controlled in accordance with the amount of the air blown by
the first air blower 13. Accordingly, the amount of the air
blown out with charged particles from the second airflow path
4 is controlled in accordance with the amount of the air blown
out from the first airflow path 3, thereby enhancing the air
puritying performance with blown-out charged particles.

Moreover, based on the table for setting of the amount of
blown air as illustrated in FIG. 8, for example, the amount of
the air blown by the second air blower 14 is controlled to be
large or small in accordance with the amount, i.e. large or
small, of the air blown by the first air blower 13. This can
reduce the effect caused by the air blown out from the first
airflow path 3 on the air blown out with charged particles from
the second airflow path 4, thereby enhancing the air puritying
performance with blown-out charged particles.

In addition, the degree of pollution in the air taken into the
first airflow path 3 is detected by the pollution detection unit
15 and the amount of the air blown by the first air blower 13
and the second air blower 14 is controlled in accordance with
the association illustrated in FIG. 9, for example. The amount
of air is thus increased when the degree of pollution is high so
as to remove the pollution in the air in a short period of time,
while the amount of air is decreased for quiet operation when
the degree of pollution is low.

The air is blown out in diagonally upward directions from
the first airflow path 3 and the second airflow path 4, which are
opposite from each other in plan view. This can reduce the
effect of the air blown out from the first airflow path 3 on the
air blown out with charged particles from the second airflow
path 4, thereby enhancing the air purifying performance with
the charge particles blown out into the air in a room.

Modification 1

In Embodiment 1, the control unit 10 sets the amount of air
for the air volume mode “automatic” at the time of humidifi-
cation/air purification operation based on the result of detec-
tion performed by the pollution detection unit 15 as in the air
volume setting for the air volume mode “automatic” at the
time of the air purifying operation. The air volume setting for
the air volume mode “automatic” may however be set in
accordance with the relative humidity calculated based on the
result of detection performed by the temperature/humidity
sensor 16. FIG. 11 is a table illustrating the result of humidity
detection and the air volume set as “automatic” for an air
volume mode. Accordingly, the humidity of the air to be taken
into the first airflow path 3 is detected by the temperature/
humidity sensor 16, and the amount of the air blown by each
of the first air blower 13 and the second air blower 14 is
controlled in accordance with the result of detection. Thus,
the amount of air is increased when the humidity is low so as
to humidify the air in a shorter period of time, whereas the
amount of air is decreased for quiet operation when the
humidity is high.

Modification 2

FIG. 12 is a table illustrating an example of values set for
the amount of blown air in the manual mode. More specifi-
cally, the amount of the air blown from the first airflow path 3
is set at 1.5 m*/min whereas the amount of the air blown from
the second airflow path 4 is set at 0.8 m*/min in the air volume
mode “quiet”, the amount of the air blown from the first
airflow path 3 is set at 3.5 m*/min whereas the amount of the
air blown from the second airflow path 4 is set at 1.8 m*/min
in the air volume mode “medium”, and the amount of the air
blown from the first airflow path 3 is set at 7.0 m*/min
whereas the amount of the air blown from the second airflow
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path 4 is set at 1.8 m*/min in the air volume mode “high”. In
this setting, between the air volume modes of “quiet” and
“medium”, the amount of the air blown by the second air
blower 14 is controlled to be large or small in accordance with
the amount, i.e. large or small, of the air blown by the first air
blower 13. On the other hand, between the air volume modes
of “medium” and “high”, the amount of the air blown by the
first air blower 13 is increased but the amount of the air blown
by the second air blower 14 remains the same. In the air
volume mode of “quiet”, the amount of the air blown by the
second air blower 14 is set to a low value in order to secure a
more quiet environment. Also, in the air volume mode
“medium”, the amount of the air blown by the first air blower
13 is set to be large in order to enhance the air purifying
performance, and the amount of the air blown by the second
air blower 14 is also set to be large in order for the density of
charged particles to reach the middle point P. At the air vol-
ume mode “high”, in order to further enhance the air purify-
ing performance, the amount of the air blown by the first air
blower 13 is set to be even larger, while the amount of the air
blown by the second air blower 14 remains at the value
corresponding to the air volume mode “medium”. Accord-
ingly, the amount of the air blown from the second airflow
path 4 may be controlled to be small or large in accordance
partly with the amount, i.e. small or large, of the air blown
from the first airflow path 3.

Embodiment 2

In Embodiment 1, the amount of the air blown from the
second airflow path 4 is adjusted in accordance with the
amount of the air blown from the first airflow path 3. By
contrast, in Embodiment 2, the angle of the air blown out from
the second airflow path 4 is regulated in accordance with the
amount of the air blown from the first airflow path 3.

The air purifier 1 according to Embodiment 2 has the same
appearance and internal structure as that of the air purifier 1
according to Embodiment 1, as shown in FIGS. 1 to 3. Thus,
the configuration parts common to those in Embodiment 1 in
the air purifier 1 of Embodiment 2 described below will be
denoted by the same reference numbers and will not be
described in detail.

In Embodiment 2, since the angle of the air blown out from
the second airflow path 4 is regulated, a regulator 43 will be
described in detail.

FIG. 13 is a block diagram illustrating a schematic con-
figuration of a control system of an air purifier 1 according to
Embodiment 2. In Embodiment 2, the regulator 43 includes,
in addition to the air-direction regulating plate 432 shown in
FIGS. 1 and 3, an electric motor 431 and an angle detector
433. The air-direction regulating plate 432 is fixed to the
output shaft of the electric motor 431 and rotates by driving
the electric motor 431. By the air-direction regulating plate
432 rotating, the angle in the vertical direction of the air
blown out from the second airflow path 4 is regulated. The
angle detector 433 is, for example, a potentiometer, which is
attached to the rotation shaft of the air-direction regulating
plate 432 and detects a rotation angle of the rotation shaft. The
angle to be detected corresponds to the angle at which the
surface of the air-direction regulating plate 432 is inclined in
the vertical direction with respect to the horizontal direction,
the angle inclined upward is set as the positive side and the
angle inclined downward is set as the negative side with
respect to the horizon of zero degrees. Moreover, at the outlet
42, when the air-direction regulating plate 44 fixed in the
vertical direction is provided, it is so disposed that the surface
of the air-direction regulating plate 44 is along the direction
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orthogonal to the rotation shaft of the air-direction regulating
plate 432, and multiple slits in the direction orthogonal to the
rotation shaft of the air-direction regulating plate 432 may be
formed.

The control unit 10 of the air purifier 1 according to
Embodiment 2 is connected to the fan motor 131 of the first
air blower 13, the fan motor 141 of the second air blower 14,
the electric motor 53 of the humidification filter 50, the
charged particle generator 12 and the electric motor 431 of the
regulator 43 through the first motor driving circuit 103, the
second motor driving circuit 104, the motor driving circuit
105, the high voltage circuit 106 and the plate driving circuit
107. The control unit 10 outputs an instruction signal to the
driving circuit and the high voltage circuit based on the opera-
tion signal accepted from the operation panel 2 and the detec-
tion value of each sensor described above, and controls the
fan motor 131 of the first air blower 13, the fan motor 141 of
the second air blower 14, the electric motor 53 of the humidi-
fication filter 50, the charged particle generator 12 and the
electric motor 431 of the regulator 43.

Description is now made for the amount of the air blown
out from the first airflow path 3 and the angle of the air blown
out from the second airflow path, controlled by the control
unit 10 of the air purifier 1 configured as described above. An
example is described for the case where the air purifier 1 in
Embodiment 2 is installed in a room shown in FIG. 5 as in
Embodiment 1.

The density of charged particles at the middle point P is
changed in accordance with the angle of the air blown out
from each of the first airflow path 3 and the second airflow
path 4. FIG. 14 is a table illustrating the density of charged
particles at the middle point P obtained when the amount of
the air blown from the first airflow path 3 is changed. In FIG.
14, on the side of the second airflow path 4, the amount of air
is fixed to 1.6 m*/min while charge particles are generated by
the charged particle generator 12, and the angle to be regu-
lated by the regulator 43 (angle of air-directing regulating
plate 432) is inclined upward by fourteen degrees from the
horizon. When the amount of the air blown from the first
airflow path 3 is set as 1.5 m*/min, the density of charged
particles atthe middle point P is increased. When, on the other
hand, the amount of the air blown from the first airflow path 3
is increased to 3.5 m>/min or 7.0 m’/min, the density of
charged particles at the middle point P is lowered. The density
of charged particles at the middle point P is thus lowered
because the increase in the amount of the air blown from the
first airflow path 3 causes the circulating wind generated near
the wall surface, ceiling and floor surface to be stronger due to
the air blown out from the first airflow path 3, the circulating
wind drawing the air blowing out from the second airflow
path 4, which may supposedly reduce the number of charged
particles reaching the middle point P.

FIG. 15 is a table illustrating the density of charged par-
ticles at the middle point P obtained when the amount of the
air blown from the first airflow path 3 and the angle regulated
by the regulator 43 are changed. In FI1G. 15, the amount of the
air blown from the second airflow path 4 is fixed to 1.6 m*/min
in the state where the charged particles are generated by the
charged particle generator 12. If the amount of the air blown
from the first airflow path 3 is set to 1.5 m*/min and the angle
regulated by the regulator 43 (angle of the air-regulating plate
432)is setto fourteen degrees, the density of charged particles
at the middle point P is increased. If the angle of adjustment
for the regulator 43 (angle of the air-regulating plate 432) is
inclined toward the lower side to ten degrees and six degrees
when the amount of the air blown from the first airflow path 3
is increased to 3.5 m*/min and 7.0 m>/min, respectively, the
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density of charged particles at the middle point P is main-
tained to be in the high state. Accordingly, by setting the angle
regulated by the regulator 43 is set toward the lower/upper
side in accordance with the amount, i.e. large or small, of the
first airflow path 3, the air blown out from the second airflow
path 4 flows toward the middle point P without being affected
by the circulating wind generated by the air blown out from
the first airflow path 3, so that the density of charged particles
at the middle point P can be maintained in the high state. The
indication of “large or small” here means that the angle regu-
lated by the regulator 43 is set to the lower side when the
amount of the air blown from the first airflow path 3 is large,
whereas the angle regulated by the regulator 43 is set to the
upper side when the amount of the air blown from the first
airflow path 3 is small.

FIG. 16 is a table illustrating an example of setting for the
amount of the air blown from the first airflow path 3 and the
angle regulated by the regulator 43. More specifically, the
amount of the air blown from the second airflow path 4 is
fixed to 1.6 m*/min, while the amount of the air blown from
the first airflow path 3 is set as 1.5 m*/min and the angle
regulated by the regulator 43 is set as fourteen degrees in the
air volume mode “quiet” which is set manually, the amount of
the air blown from the first airflow path 3 is set as 3.5 m*/min
and the angle regulated by the regulator 43 is set as ten
degrees in the air volume mode “medium”, and the amount of
the air blown from the first airflow path 3 is set as 7.0 m*/min
and the angle regulated by the regulator 43 is set as six degrees
in the air volume mode “high”. The control unit 10 outputs an
instruction signals corresponding to each of the air volume
modes “quiet”, “medium” and “high” to the first motor driv-
ing circuit 103, the second motor driving circuit 104 and the
plate driving circuit 107. The first motor driving circuit 103
and the second motor driving circuit 104 drive the fan motors
131 and 141, respectively, with the rotation speed at which the
amount of the air blown for each air volume mode is obtained,
in response to the instruction signal. The plate driving circuit
107 drives the electric motor 431, detects the angle by the
angle detector 433 and performs positioning control of the
air-direction regulating plate 432 so as to attain the regulated
angle in accordance with the instruction signal.

In the air volume mode “automatic”, the control unit 10
outputs an instruction signal corresponding to each of the air
volume settings 1 through 3 to the first motor driving circuit
103, the second motor driving circuit 104 and the plate driv-
ing circuit 107 in accordance with the result of detection
performed by the pollution detection unit 15. The first motor
driving circuit 103 and the second motor driving circuit 104
drive the fan motors 131 and 141 with the rotation speed at
which the amount of air in each of the air volume settings is
obtained, in response to the instruction signal. The plate driv-
ing circuit 107 drives the electric motor 431, detects the angle
by the angle detector 433, and performs positioning control of
the air-direction regulating plate 432 so as to attain the regu-
lator adjusted angle in accordance with the instruction signal.
As shown in the table of FIG. 16, the control unit 10 controls
the angle to be regulated by the regulator 43 to the lower/
upper side in accordance with the amount, i.e. large or small,
of the air blown from the first airflow path 3.

Also in Embodiment 2, the control unit 10 sets the air
volume as shown in FIG. 9 based on the odor level and dust
level detected by the odor sensor 154 and the dust sensor 155,
respectively. For example, the air volume setting 2 corre-
sponds to the amount of blown air and the regulated angle in
the air volume mode “medium” shown in FIG. 16, and more
specifically, corresponds to the setting in which the amount of
the air blown from the first airflow path 3 is set to 3.5 m*/min,
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the amount of the air blown from the second airflow path 4 is
set to 1.6 m*/min, and the angle regulated by the regulator 43
is set to ten degrees.

Next, the processing procedure of operation control for the
air purifier 1 according to Embodiment 2 is described. The
control unit 10 executes the processing procedure similar to
the procedure illustrated in the flowchart of FIG. 10 in
Embodiment 1 in accordance with the control program pre-
stored in an internal ROM of a microcomputer. However,
details of operation control performed at steps S14 and S16
are different in each processing procedure, which will be
described below.

At step S14, if the read-out identification number for an air
volume mode is the identification number for any one of the
air volume modes “quiet”, “medium” and “high”, the control
unit 10 outputs an instruction signal corresponding to the
identification number for each mode to the first motor driving
circuit 103, the second motor driving circuit 104 and the plate
driving circuit 107. The first motor driving circuit 103 and the
second motor driving circuit 104 drive the fan motors 131 and
141, respectively, with the rotation speed at which the amount
of blown air in each mode is obtained, in response to the
instruction signal. The plate driving circuit 107 drives the
electric motor 431, detects the angle at the angle detector 433
and performs positioning control of the air-direction regulat-
ing plate 432 so as to attain the regulated angle in accordance
with the instruction signal. Moreover, the control unit 10
instructs the high voltage circuit 106 so that the charged
particle generator 12 generates charge particles and instructs
the motor driving circuit 105 to stop the electric motor 53.

Furthermore, if the read-out identification number for an
air volume mode is the identification number for the air vol-
ume mode “automatic”, the control unit 10 obtains the result
of detection performed by the pollution detection unit 15,
calculates the degree of pollution from the odor level and dust
level, and selects any one of the air volume settings 1 to 3
based on the association shown in FIG. 9. The control unit 10
outputs an instruction signal according to the selected air
volume setting to the first motor driving circuit 103, the
second motor driving circuit 104 and the plate driving circuit
107. The first motor driving circuit 103 and the second motor
driving circuit 104 drive the fan motors 131 and 141, respec-
tively, with the rotation speed at which the amount of air for
each mode is obtained, in response to the instruction signal.
The plate driving circuit 107 drives the electric motor 431,
detects an angle by the angle detector 433 and performs
positioning control for the air-direction regulating plate 432
so as to attain the regulated angle in accordance with the
instruction signal. Moreover, the control unit 10 instructs the
high voltage circuit 106 so that the charged particle generator
12 generates charged particles, and instructs the motor driv-
ing circuit 105 to stop the electric motor 53.

In the control processing performed at step S16, if the
read-out identification number for an air volume mode is the
identification number for any one of the air volume modes
“quiet”, “medium” and “high”, the control unit 10 outputs an
instruction signal corresponding to the identification number
for each mode to the first motor driving circuit 103, the second
motor driving circuit 104 and the plate driving circuit 107.
The first motor driving circuit 103 and the second motor
driving circuit 104 drive the fan motors 131 and 141, respec-
tively, with the rotation speed at which the amount of the air
blown for each mode is obtained, in response to the instruc-
tion signal. The plate driving circuit 107 drives the electric
motor 431, detects an angle by the angle detector 433 and
performs positioning control of the air-direction regulating
plate 432 s0 as to attain the regulated angle in accordance with
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the instruction signal. Furthermore, the control unit 10
instructs the high voltage circuit 106 so that the charged
particle generator 12 generates charged particles.

Furthermore, ifthe read out identification number for an air
volume mode is the identification number for the air volume
mode “automatic”, the control unit 10 obtains the result of
detection performed by the pollution detection unit 15, cal-
culates the degree of pollution from the odor level and dust
level, and selects any one of the air volume settings 1 through
3 based on the association shown in FIG. 9. The control unit
10 outputs the instruction signal according to the selected air
volume setting to the first motor driving circuit 103, the
second motor driving circuit 104 and the plate driving circuit
107. The first motor driving circuit 103 and the second motor
driving circuit 104 drive the fan motors 131 and 141, respec-
tively, with the rotation speed at which the amount of the air
blown in each mode is obtained, in response to the instruction
signal. The plate driving circuit 107 drives the electric motor
431, detects an angle by the angle detector 433 and performs
positioning control for the air-direction regulating plate 432
so as to attain the regulated angle in accordance with the
instruction signal. Moreover, the control unit 10 instructs the
high voltage circuit 106 so that the charged particle generator
12 generates charged particles.

As described above, the air cleaning unit 11 cleans the air
and the air is blown out from the first airflow path 3, while the
air is blown out with charge particles from the second airflow
path 4 in a direction different from the direction in which the
air is blown out from the first airflow path 3, and the angle
regulated by the regulator 43 is controlled in accordance with
the amount of the air blown by the first air blower 13. Thus,
the angle in the vertical direction of the air blown out with
charged particles from the second airflow path 4 is controlled
in accordance with the amount of the air blown out from the
first airflow path 3, thereby enhancing the air purifying per-
formance with blown-out charged particles.

Furthermore, based on the table for setting of the amount of
the blown air as shown in FIG. 16, for example, the angle
regulated by the regulator 43 is controlled toward the lower/
upper side in accordance with the amount, i.e. large or small,
of air blown by the first blower 13, thereby reducing the effect
caused by the air blown out from the first airflow path 3 on the
air blown out with charged particles from the second air flow
path 4, which can enhance the air purifying performance with
blown-out charged particles.

Moreover, the degree of pollution in the air taken into the
first airflow path 3 is detected by the pollution detection unit
15, and the amount of the air blown by the first air blower 13
as well as the angle regulated by the regulator 43 are con-
trolled in accordance with the detection result based on the
association shown in FIG. 9. Thus, the amount of the blown
air is increased when the degree of pollution is high so as to
remove the pollution in the air in a short period of time,
whereas the amount of the blown air is decreased for quiet
operation when the degree of pollution is low.

Also in Embodiment 2, the control unit 10 sets the amount
of air for the air volume mode “automatic” at the time of
humidification and air purification operation based on the
result of detection performed by the pollution detection unit
15 as in the air volume setting for the air volume mode
“automatic” at the time of the air purifying operation. It is,
however, also possible to perform air volume setting for the
air volume mode “automatic” based on the relative humidity
calculated based on the detection result of the temperature/
humidity sensor 16 (see FIG. 11). The humidity of the air to
be taken into the first airflow path 3 is detected by the tem-
perature/humidity sensor 16, and the amount of the air blown
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by the first air blower 13 as well as the angle regulated by the
regulator 43 are controlled in accordance with the detection
result. Thus, the amount of the blown air is increased when the
humidity is low to humidify the air in a short period of time,
whereas the amount of the blown air is reduced for quiet
operation when the humidity is high.

The present invention is not limited to the embodiments
described herein, but metes and bounds of the claims, or
equivalence of such metes and bounds thereof are intended to
be embraced by the claims.

What is claimed is:

1. An air purifier comprising:

afirst air blower taking air from outside into the air purifier;

afirstairflow path through which the air taken in by the first
air blower passes and which blows out the air to outside;

an air cleaning unit cleaning the air passing through the first
airflow path;

a second air blower taking air from outside into the air
purifier;

a second airflow path through which the air taken in by the
second air blower passes and which blows out the air
passed through the second airflow path in a direction
different from the direction in which the air is blown out
from the first airflow path;

acharged particle generator generating charged particles in
the air passing through the second airflow path; and

a control mechanism controlling an amount or angle of the
air blown by the second air blower in accordance with
the amount of the air blown by the first air blower,

wherein the control mechanism includes:

a regulator regulating an angle in a vertical direction of the
air blown out from the second airflow path, and

a second control unit controlling operation of each of the
first air blower and the regulator, the second control unit
controlling an angle to be regulated by the regulator in
accordance with the amount of the air blown by the first
air blower.

2. The air purifier according to claim 1, wherein

the first airflow path and the second airflow path blow out
air diagonally upward from the air purifier in directions
not interfering with each other.

3. The air purifier according to claim 1, wherein

the second control unit controls the angle to be regulated by
the regulator to a lower side when the amount of the air
blown by the first air blower is increased, and the angle
to be regulated by the regulator to an upper side when the
amount of the air blown by the first air blower is
decreased.

4. The air purifier according to claim 1, wherein

the second control unit includes a second memory memo-
rizing a pre-set air volume, and

the second memory memorizes such setting of the angle to
be regulated by the regulator as to be lower side or
maintained when the amount of the air blown by the first
air blower is increased in association with set values in a
plurality of stages for the amount of the air blown by the
first air blower.

5. The air purifier according to claim 1, further comprising
apollution detection unit detecting a degree of pollution in the
air taken into the first airflow path,

wherein the second control unit controls the amount of the
air blown by the first air blower and the angle to be
regulated by the regulator in accordance with a detection
result obtained by the pollution detection unit.

6. The air purifier according to claim 1, further comprising:

a humidity detection unit detecting humidity of the air
taken into the first airflow path; and
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a humidification unit humidifying the air taken into the first
airflow path,

wherein the second control unit controls the amount of the
air blown by the first air blower and the angle to be
regulated by the regulator in accordance with a detection
result obtained by the humidity detection unit.

7. The air purifier according to claim 5, wherein

the second control unit performs such control that the
amount of the air blown by the first air blower is
increased and the angle to be regulated by the regulator
is changed to a lower side when the pollution detected by
the pollution detection unit is changed to be equal to or
larger than a predetermined amount, and that the amount
of the air blown by the first air blower is decreased and
the angle to be regulated by the regulator is changed to an
upper side when the pollution detected by the pollution
detection unit is changed to be smaller than the prede-
termined amount.

8. The air purifier according to claim 5, wherein

the second control unit includes a fifth memory memoriz-
ing a pre-set air volume, the fifth memory memorizing a
plurality of combinations of the amount of the air blown
by each of the first air blower and the angle to be regu-
lated by the regulator in association with different pre-
determined amounts for pollution, respectively,

the amount of the air blown by the first air blower associ-
ated with one of the predetermined amounts for pollu-
tion is set to be equal to or larger than the amount of the
air associated with another one of the predetermined
amounts for pollution which is smaller than said one of
the predetermined amounts for pollution, and

the angle to be regulated by the regulator associated with
one of the predetermined amounts for pollution is set to
be more upward than the angle associated with said
another one of the predetermined amounts for pollution.

9. The air purifier according to claim 6, wherein

the second control unit increases the amount of the air
blown by the first air blower and controls the angle to be
regulated by the regulator to the lower side when the
humidity detected by the humidity detection unit is
changed to be lower than a predetermined humidity, and

the second control unit decreases the amount of the air
blown by the first air blower and controls the angle to be
regulated by the regulator to the upper side when the
humidity is changed to be equal to or higher than the
predetermined humidity.

10. The air purifier according to claim 6, wherein

the second control unit includes a sixth memory memoriz-
ing a pre-set air volume, the sixth memory memorizing
a plurality of combinations of the amount of the air
blown by the first air blower and the angle to be regulated
by the regulator in association with different predeter-
mined humidity values, respectively, and

the amount of the air blown by the first air blower associ-
ated with one of the predetermined humidity values is
equal to or higher than the amount of the air associated
with another one of the predetermined humidity values
which is higher than said one of the predetermined
humidity values, and

the angle to be regulated by the regulator associated with
said one of the predetermined humidity values is set
downward side than an angle associated with said
another one of the predetermined humidity values.

11. An air purifier comprising:

afirst air blower taking air from outside into the air purifier;

afirst airflow path through which the air taken in by the first
air blower passes and which blows out the air to outside;
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an air cleaning unit cleaning the air passing through the first
airflow path;

a second air blower taking air from outside into the air
purifier;

a second airflow path through which the air taken in by the
second air blower passes and which blows out the air
passed through the second airflow path in a direction
different from the direction in which the air is blown out
from the first airflow path;

acharged particle generator generating charged particles in
the air passing through the second airflow path; and

a control mechanism controlling an amount or angle of the
air blown by the second air blower in accordance with
the amount of the air blown by the first air blower,

wherein

the control mechanism includes a first control unit control-
ling the amount of the air blown by each of the first air
blower and the second air blower, the first control unit
controlling the amount of the air blown by the second air
blower in accordance with the amount of the air blown
by the first air blower.

12. The air purifier according to claim 11, wherein

the first airflow path and the second airflow path blow out
air diagonally upward from the air purifier in directions
not interfering with each other.

13. The air purifier according to claim 11, wherein

the first control unit increases or maintains the amount of
the air blown by the second air blower when the amount
of the air blown by the first air blower is increased, and
decreases or maintains the amount of the air blown by
the second air blower when the amount of the air blown
by the first air blower is decreased.

14. The air purifier according to claim 11, wherein

the first control unit includes a first memory memorizing a
pre-set air volume,

the first memory memorizes a plurality of combinations of
the amount of the air blown by each of the first air blower
and the second air blower, and

when the amount of the air blown by the first air blower in one
of'the combinations is larger than the amount of the air blown
by the first air blower in another one of the combinations, the
amount of the air blown by the second air blower in said one
of the combinations is set to be equal to or larger than the
amount of the air blown by the second air blower in said
another one of the combinations.

15. The air purifier according to claim 11, further compris-
ing a pollution detection unit detecting pollution in the air
taken into the first airflow path,

wherein the first control unit controls the amount of the air
blown by each of the first air blower and the second air
blower in accordance with a detection result obtained by
the pollution detection unit.

16. The air purifier according to claim 11, further compris-
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a humidity detection unit detecting humidity of the air
taken into the first airflow path, and

a humidification unit humidifying the air taken into the first
airflow path,

wherein the first control unit controls the amount of the air
blown by each of the first air blower and the second air
blower in accordance with a detection result obtained by
the humidity detection unit.

17. The air purifier according to claim 15, wherein

the first control unit increases the amount of the air blown
by each of the first air blower and the second air blower
when pollution detected by the pollution detection unit
is changed to be equal to or larger than a predetermined
amount, and decreases the amount of the air blown by
each of the first air blower and the second air blower
when pollution detected by the pollution detection unit
is changed to be smaller than the predetermined amount.

18. The air purifier according to claim 15, wherein

the first control unit includes a third memory memorizing a
pre-set air volume, the third memory memorizing a plu-
rality of combinations of the amount of the air blown by
each of the first air blower and the second air blower in
association with different predetermined amounts for
pollution, respectively, and

the amount of the air blown by each of the first air blower
and the second air blower associated with one of the
predetermined amounts for pollution is set to be equal to
or larger than the amount of the air associated with
another one of the predetermined amounts for pollution
which is smaller than said one of the predetermined
amounts for pollution.

19. The air purifier according to claim 16, wherein

the first control unit increases the amount of the air blown
by each of the first air blower and the second air blower
when the humidity detected by the humidity detection
unit is changed to be lower than a predetermined humid-
ity.

20. The air purifier according to claim 16, wherein

the first control unit includes a fourth memory memorizing
a pre-set air volume, the fourth memory memorizing a
plurality of combinations of the amount of the air blown
by each of the first air blower and the second air blower
in association with different predetermined humidity
values, respectively, and

the amount of the air blown by each of the first air blower
and the second air blower associated with one of the
predetermined humidity values is set to be equal to or
larger than the amount of the blown air associated with
another one of the predetermined humidity values which
is higher than said one of the predetermined humidity
values.



